In this paper we reported the effect of different cytokinins on callus induction and adventitious shoot regeneration from leaf segments of in vitro grown Centaurea zeybekii Wagenitz seedlings.
Introduction
Turkey has an enourmous biodiversity due to its geological, climatological and ecological properties.
Nearly 30% of Turkish Flora are known to be rare, endemic or threatened and require proper management practices to conserve germplasm.
Centaurea zeybekii Wagenitz, belonging to the family Asteraceae, is an endemic species and has been indicated as EN (Endangered) taxa in Red Data Book of Turkish Plants [1] . This species is known only from its type locality in Nif mountain, nearly 30 km east of İzmir city of Western Turkey. The population consist of small numbers of speciments. C. zeybekii prefers forest openings and road sides as a ruderal species.
Besides conventional methods of propagation, plant tissue culture techniques represent an excellent option for the study and conservation of threatened or endangered species [2] [3] [4] [5] . Some species of the genus Centaurea have been succesfully propagated using these techniques [6] [7] [8] . In relevant literature, there is only report on in vitro culture of Centaurea zeybekii. In this report, in vitro germination and axillary shoot propagation of this species has been described by Kurt and Erdağ [9] .
Additionally, most of the Centaurea species are known their medical applications in folk medicine [10] [11] [12] . Constituents of essential oils of C. zeybekii has been studied by Altıntaş et al. and they reported that hexanoic asit (9.3%), hexadecanoic acid (8.6%) and nonacosane (6.4%) are the main components of this essential oils [13] . Additionally Kurt et al. studied antioxidant activity of the species and they concluded that this species may serve as a source for natural antioxidants [14] .
The aim of this study was to develop methods for callus induction and adventitious shoot regeneration from leaf explants of seedlings germinated in vitro of C. zeybekii is an endangered endemic species, as a contribution to its conservation efforts and biotechnological uses in future.
Materials and Methods
Leaf explants were used as initial materials for experiments on callus induction and adventitious shoot regeneration. Mature seeds (achenes) were collected from natural habitat on August. Seeds were sterilized and germinated on distilled water supplemented with various vitamines and 1mg/L GA 3 as described by Kurt and Erdağ [9] . Germinated seeds were transferred to Murashige and Skoog (MS) [15] 
Results
Callus was not induced when the explants were cultured on MS medium devoid of any growth regulators. When the leaf explants were inoculated on MS media supplemented with cytokinins callus formation was observed. The highest callusing response (%) was observed in the media containing 0.005 mg/Land 0.01 mg/LTDZ, it was decreased in the media containing 0.02 mg/LTDZ (Figure 1 ). During the experiments, different structure calli types were observed. The most of calli from tip parts of explants were green color and have organogenic structure, but at lower rates of calli especially from the proximal parts of explants were pale yellow and embryogenic structure in the medium with 0.005 mg/L TDZ ( Figure 2 ). Aydoğan SK., Erdağ BB. 
Discussion and Conclusion
The results of callus formation and adventitious shoot regeneration were obtained from in vitro-grown plants. There are several advantages of regeneration from leaves derived from in vitro grown young seedlings:
Surface sterilization of explants is not required since they are obtained from seedlings grown under aseptic conditions. The seeds using as initial materials to held leaves are also representative of the genetic structure of the target population to be conserved [16] .
Callus was not induced when the explants were cultured on MS medium devoid of any growth regulators. When the leaf explants were inoculated on MS media supplemented with cytokinins callus formation was observed. Although auxins are known to be applied to induce callus, cytokinins can also induce in some other plants [17 and 18] . Cölgecen et al. [19] reported that application of cytokinins were more effective on the callus induction in Centaurea tchihatcheffii Fisch. & C.A. Mey than auxins.
During the experiments, different structure calli types were observed: embryogenic and organogenic. As known well, a combination of auxine: cytokinin is required for embryogenic callus induction. 
Nevşehir Bilim ve Teknoloji Dergisi Cilt 4(2) 1-8 2015
No shoot differenttiation has been observed in calli held from the media containing TDZ and BA (except 0.2 mg/L BA). BA was also reported as an effective cytokinin on axillary shoot proliferation of other endemic and threatened Centaurea species including also C. zeybekii [7, 8, 9] . Although the low percentage of callus formation in 0.2 mg/L BA added medium (5%), this cytokinin type is found non-efficient for direct adventitious shoot proliferation as organogenic response occurs with only shoot buds and this case continues in the subcultures.
In adventitious shoot induction experiments, well developed shoots were observed only MS media supplemented with KIN at the end of sixth week. There is no eminent difference in number of shoots from other media.
Finally, it is possible to stress that medium containing 1 mg/L KIN is the best medium by obtaining highest number of shoots per explant and maximum shoot length for direct adventitous shoot regeneration with explants from in vitro germinated shoot leaves There was no difference between MS and ½ MS media in rooting but it was very low and only 15 % of total shoots could rooted in medium containing 0.5 mg/L IBA. The low percentage of shoot rooting was also recorded in other reports on Centaurea species [6, 7, 24] .
In this paper we reported the effect of different cytokinins on callus induction and adventitious shoot regeneration from leaf segments of from in vitro grown C. zeybekii seedlings as a contribution to its conservation efforts and biotechnological uses in future.
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